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R547turned out, these beetles were not 
only active for most of the day (and 
night), but also showed an extremely 
robust and easily manipulated 
orientation behaviour. As soon 
as these strong insects are in the 
possession of a dung ball, they will 
unconditionally and immediately 
transport this package of food  
along a given course until they  
reach soft and easily manipulated 
ground. Here, they dig down and 
feed on their take-away meal in 
underground security. To support  
this straight-line travel over the 
African Savannah, the beetles are 
guided by a compass that is so 
sensitive that they can rely on the 
dim polarization pattern around the 
moon, or even the Milky Way for 
orientation, an achievement that is so 
far unequalled in the animal kingdom. 
In contrast to other insects, we 
also find that the dung beetles rely 
exclusively on cues from the sky for 
orientation. This makes it possible to 
evaluate the function of their celestial 
compass without the confounding 
influences of, among other things, 
landmarks.
The large body and brain size 
of our current model species 
further make them ideal for 
neurophysiological recordings and 
the attachment of more or less 
sophisticated pieces of scientific 
equipment. In addition to caps, we 
have placed little silicone boots on 
their feet, made them roll frozen 
scoops of dung and tracked them 
over tennis courts and hockey 
pitches. People often wonder if 
our beetles can be made to roll 
a golf ball, and yes indeed, this 
works as well. Dung beetles are 
ideal model animals to investigate 
a highly-sensitive sky-compass 
navigation system, from neurons 
to behaviour, in one single species. 
Revealing the principles underlying 
this simple straight-line orientation 
system is an important step towards 
understanding more complex 
navigation, such as that employed 
when returning to a nest or food 
source. 
You are a member of one of a 
rapidly increasing number of 
‘Young Academies’ that are forming 
around the world — what can 
these academies contribute to the 
scientific community? It started with 
‘Die Junge Akademie’ in Germany in 2000, and since then young 
academies have formed in several 
countries in Europe, Africa, South 
America and Asia. These academies 
are typically cross-disciplinary and 
serve with a common voice for 
researchers that will remain in the 
academic system for at least another 
25–30 years. In my experience, this 
is a voice that our policy makers 
had desired for a long time, and as 
a member of the Young Academy of 
Sweden I have had the opportunity to 
have direction discussions with the 
Minister of Education as well as with 
the Director of the Swedish Research 
Council.
These academies thus serve as 
an excellent platform to discuss 
and influence the research policy 
of the home country. With a close 
connection to the next generation 
of scientists, young academies also 
often serve to make science better 
understood by the general public and 
to evoke their interest for academic 
studies. To keep the academies 
young, the members can by default 
only serve for a limited time: I will 
become too old two years from now, 
and then be forever excluded from 
this fantastic network of researchers, 
multidisciplinary discussions, endless 
outreach possibilities and hotlines 
to the people that influence our 
academic future. 
What is the best advice you have 
been given? Independent of each 
other, both of my PhD supervisors 
gave me the same advice, in actions 
and in words: enjoy what you do. In 
my experience, the meaning of these 
four words stretches far beyond the 
simple satisfaction of the individual. 
Everything from the exhilaration 
of having a new idea, to the final 
evaluation and presentation of the 
data, involves creative processes 
that benefit from the inborn energy 
of doing something we enjoy. When 
designing behavioural experiments, 
it also helps to have a bit of humour. 
The animals often do something 
completely unexpected, such as 
escape, sting or — as in most 
cases — do nothing at all. But then 
again, designing and re-designing 
the experiments is a part of science 
that I really enjoy.
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What are Paneth cells and when 
were they discovered? Paneth cells, 
along with goblet cells, enterocytes, 
tuft cells and enteroendocrine cells, 
represent the principal cell types of the 
epithelium of the small intestine. The 
secretory Paneth cells are pyramidal-
shaped cells with basally situated 
nuclei, an extensive endoplasmic 
reticulum and Golgi network, and 
prominent, large apical granules that 
occupy most of their cytoplasm. 
These cells can be found at the base 
of the crypts of Lieberkühn — tiny 
invaginations that line the mucosal 
surface — where they can persist for 
at least a month. Although originally 
discovered by Schwalbe in 1872, their 
eponym derives from the detailed 
description made by Dr. Josef Paneth, 
an Austrian physician, published in 
1888. Classical Paneth cells are absent 
in some species (e.g. pig), while they 
are exceptionally abundant in others 
(e.g. some South American anteaters). 
What is the classical role for Paneth 
cells in the intestine? The large 
granules in Paneth cells are rich in 
antimicrobial peptides (e.g. lysozyme 
and a-defensins/cryptdins), immune 
modulators and trophic factors. 
Paneth cells are functionally similar to 
neutrophils and release their granules 
into the crypt lumen via exocytosis 
when exposed to a variety of stimuli, 
including acetylcholinergic agonists 
and bacteria or their antigens. The 
response involves an increase in 
cytosolic calcium levels, which in 
turn effectuates granule secretion. 
Antimicrobial peptides released from 
Paneth cells protect the host from 
enteric pathogens, help to shape 
the composition of the colonizing 
microbiota, and act as a safeguard 
against bacterial translocation across 
the epithelium.
Do Paneth cells have other functions 
in the intestine? The stem cell niche is 
defined as the microenvironment that 
is in close proximity to the stem cells 
and controls stem cell activity and 
maintenance by providing short-range 
molecular signals. Paneth cells, like 
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Figure 1. Paneth cells, interspersed between Lgr5+ stem cells, are located at the bottom of the 
intestinal crypt. 
(A) Analysis of the Lgr5GFP_LysozymedsRED compound knock-in mouse showed intestinal Lgr5+ 
stem cells (green) intermingled with the terminally differentiated Paneth cells (red) at the bot-
tom of the crypt of Lieberkühn. (B) Electron microscopy section showing bell-shaped Lgr5+ 
CBC stem cells, containing a flat, wedge-shaped nucleus and scarce organelles, which are 
intermingled between Paneth cells rich in endoplasmic reticulum and granules. (Image: Pekka 
Kujala ©American Society for Microbiology.)the other epithelial cell lineages in the 
small intestine, originate from Lgr5+ 
“crypt base columnar (CBC)” stem 
cells. Lgr5+ stem cells are intermingled 
with the terminally differentiated 
Paneth cells at the bottom of the 
crypt of Lieberkühn, an arrangement 
that is maintained in small intestinal 
adenomas. The close interaction of 
Lgr5+ stem cells and Paneth cells 
suggests a functional interaction 
between these cells. Indeed, Paneth 
cells not only produce bactericidal 
products: gene expression arrays 
revealed that these cells also produce 
large amounts of factors, such as 
epidermal growth factor, transforming 
growth factor a and Wnt3, while 
they express the Notch ligand Dll4. 
Moreover, in vitro, Paneth cell–Lgr5+ 
stem cell doublets were found to be 
10-fold more efficient at generating 
self-renewing epithelial organoids 
in culture than single Lgr5+ cells. 
Whether the Paneth cells are also 
essential for stem cell maintenance  
in vivo is currently under debate. 
The Paneth–stem cell interaction 
also plays a central role in the 
response to the nutritional status of 
an organism. Paneth cells serve as 
sensors for nutritional status and 
enhance stem cell function in response 
to calorie restriction. 
Do Paneth cells require restorative 
pathways? The extraordinary 
secretory activity of these long-
lived Paneth cells indeed requires 
restorative pathways, including 
autophagy and the unfolded protein response (UPR), in order to function 
optimally. 
Autophagy is a tightly regulated 
and evolutionarily conserved process 
that involves the degradation of 
unnecessary or dysfunctional cellular 
components through the actions of 
lysosomes and functions to recycle 
intracellular components. This process 
is especially important in long-lived, 
terminally differentiated cells, such 
as Paneth cells, in which aggregated 
proteins and damaged organelles 
are not diluted by cell replication. 
Stressors, such as g-irradiation and 
food deprivation, activate autophagy. 
Autophagy is also regarded as one of 
the innate immunity effector responses 
against intracellular bacterial infection. 
Deficits in the autophagy pathway, due 
to mutations (e.g. Atg16l1 and IRGM), 
drug administration or exposure to 
certain viruses, can impair Paneth 
cell function and is widely believed to 
trigger intestinal inflammation.
The UPR, which is closely 
connected to autophagy, is a 
highly conserved core pathway 
that is activated in response to 
an accumulation of unfolded or 
misfolded proteins in the lumen 
of the endoplasmic reticulum. The 
professional secretory Paneth 
cells are highly dependent upon 
the UPR to reliably perform their 
relevant biological functions and 
to survive the stresses that arise in 
association with carrying out these 
duties. Activation of the UPR by the 
accumulation of misfolded proteins 
within the endoplasmic reticulum may ultimately lead to the induction of 
programmed cell death. Deregulation 
of this pathway, e.g. as a result of 
mutations in the UPR transcription 
factor XBP1, can lead sequentially 
to decreased Paneth cell function 
and hypersensitivity to cytokine and 
microbial stimulation and, finally, 
Paneth cell death by apoptosis in 
association with spontaneous enteritis.
Does dysfunction of Paneth cells 
contribute to pathogenesis? Crohn’s 
disease is a common form of chronic 
inflammatory bowel disease. Crohn’s 
disease is associated with abnormal 
bacterial adherence to the intestinal 
mucosal surface and abnormal 
composition of colonizing microbiota 
in the intestine. Both characteristics 
suggest abnormal Paneth cell function. 
Indeed, the analysis of patients 
with Crohn’s disease has identified 
polymorphisms associated with this 
disease in at least 30 genes, including 
Atg16l1, Nod2, Tcf4, caspase 8, Xbp1 
and KCNN4. Loss-of function studies 
in mice have demonstrated potentially 
important functions for several of these 
genes in Paneth cells. The mechanism 
of pathogenesis for these susceptibility 
genes may involve compromise of 
Paneth cell function. Aberrant function 
may limit the capability of these 
cells to successfully handle acute 
microbial challenges and/or may 
cause alterations in microbiota. As a 
consequence, the aberrant function 
of Paneth cells may lead to chronic 
inflammation as the body responds to 
disturbed homeostasis.
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